24 Psittacid Adenovirus-2 (PsAdv-2) was identified in captive orange-bellied parrots ( 25 Neophema chrysogastor) during a multifactorial cluster of mortalities at the Adelaide Zoo, 26 South Australia, and an outbreak of Pseudomonas aeruginosa septicaemia at the Tasmanian 27 Department of Primary Industries, Parks, Water and Environment captive breeding facility, 28 Taroona, Tasmania. This was the first time that an adenovirus had been identified in orange-29 bellied parrots and is the first report of PsAdv-2 in Australia. To investigate the status of 30 PsAdv-2 in the captive population of orange-bellied parrots, 102 healthy birds from five 31 breeding facilities were examined for the presence of PsAdv-2 DNA in droppings and/or 32 cloacal swabs using a nested polymerase chain reaction assay. Additionally, eight birds 33 released to the wild for the 2016 breeding season were similarly tested when they were 34 recaptured prior to migration to be held in captivity for the winter. PsAdv-2 was identified in 35 all breeding facilities as well as the birds recaptured from the wild. Prevalence of shedding 36 ranged from 29.7 to 76.5%, demonstrating that PsAdv-2 is endemic in the captive 37 population of orange-bellied parrots and that wild parrots may have been exposed to the 38 virus. PsAdv-2 DNA was detected in both cloacal swabs and faeces of the orange-bellied 39 parrots, but testing both samples from the same birds suggested that testing faeces would 40 be more sensitive than cloacal swabs. PsAdv-2 was not found in other psittacine species 41 housed in nearby aviaries at the Adelaide Zoo. The source of the infection in the orange-42 bellied parrots remains undetermined. In this study, PsAdv-2 prevalence of shedding was 43 higher in adult birds as compared to birds less than one year old. Preliminary data also 44 suggested a correlation between adenovirus shedding prevalence within the breeding 45 collection and chick survival.
140 the following protocol: One cycle of 95 C ∘ for 3 min, followed by six cycles where the first 141 annealing temperature (60 0 C) was decreased by 2 0 C with each cycle. In all subsequent 142 cycles (n=44) the annealing temperature was 50 0 C. Primers were allowed to anneal in all 143 cycles for 30 s and all extension phases were at 72 0 C for 30 s., these were followed by a 144 denaturation phase at 95 0 C for 30 s. Following the last standard cycle, the samples were 145 held at 72 0 C for 2 min and immediately chilled to 5 0 C. The amplification products were To determine the sensitivity of the PCR assay, the first amplification products were purified.
196 Then 10-fold serial dilutions of the purified product were made, starting from 10 5 copies/ L 197 to 1 copy/ L. The dilutions were then amplified by the nested PCR assay. 228 ducts associated with mild to moderate degenerative changes were found in two birds (Fig 1) 229 that had severe aspergillosis; Both of the birds were positive for adenovirus DNA by PCR 230 ( Table 1 ). The mortality event was attributed to cumulative stressors in the flock, including a 231 period of hot and unusually humid weather. Adenoviral lesions in these cases were 232 considered secondary to immunosuppression in debilitated birds, and were not considered 233 to have contributed significantly to the deaths of these birds. 260 products from the black-capped lories were not readable and amplification products were 261 not generated using PsAdv-2 specific primers.
262 303 septicaemia at the Taroona breeding facility prompted efforts to determine the specific 304 adenovirus that was causing these lesions, determine how widespread infection was in the 305 captive breeding stock, and if the wild birds had already been exposed.
306
Sequencing data generated in this study shows that the cause of the lesions in the .
320
Based on the study in Europe [34] and our findings in orange-bellied parrots, PsAdv-2 321 has a wide host range and is able to circulate in parrot populations without causing 322 apparent disease, or doing so infrequently. While it will be challenging to determine the 323 species of parrots from which this virus originated, it appears that its ability to cause 334 have the potential for wild bird exposure. We were only able to test parrot species in nearby 335 enclosures at one institution and we found no evidence of infection to suggest they were 336 the source of infection or that they had been infected with PsAdv-2 from the orange-bellied 337 parrots. More extensive testing of other birds housed adjacent to the orange-bellied parrots 338 at the other breeding institutions is warranted to further investigate potential transmission 339 pathways.
340
Amplicons of the appropriate mass were detected in three of four black-capped 341 lories, but attempts to sequence these products were unsuccessful. These amplification 342 products are not PsAdv-2 DNA as PsAv-2 specific primers did not produce an amplicon when 343 used in a nested reaction with the first amplification product. Therefore, they may 344 represent non-specific amplification products or the adenoviruses that infected the black-345 capped Lories were not PsAdv-2. Cloning and sequencing the amplification products will be 346 necessary to differentiate between these two possibilities.
347
While most PsAdv-2 infections appear to be subclinical, they may not be completely 382 institutions and wild birds had been exposed, then it would be considered to be endemic in 383 both the captive and wild populations and no control efforts would be undertaken. Our 384 findings show that PsAdv-2 is indeed endemic in the captive orange-bellied parrot 385 population and that the wild population has been exposed. Our findings of an overall 386 prevalence of 42.7% infection in the tested birds also make any type of control option 387 virtually impossible. Isolation of nearly half of the birds and taking this number of captive 388 birds out of the breeding population would not be practical and likely would result in a loss 389 of genetically important breeding stock. Also, the sensitivity of PCR testing of cloacal swabs 390 or droppings to detect infected birds is unknown. It is possible that infected birds shed virus 391 intermittently or may not shed virus at all. We also found that virus shedding was more 392 common in adult birds than birds less than one year. This may mean, as occurs in 
409
It has been proposed that private aviculturists might be used to assist in breeding 410 the orange-bellied parrot to increase the numbers in captivity and the availability of birds 411 for release into the wild. The findings of this study argue against this proposal. Given the 412 uncertainty of the sensitivity of testing for PsAdv-2, it would be impossible to guarantee that 413 birds sent to aviculture collections would be free of this virus and therefore could pose a risk 414 to the aviculturists' birds. Likewise, while extensive testing is done yearly for the PBFDV in 415 the captive orange-bellied parrot population [19] , it has been impossible to eradicate it and 416 so these birds remain potential sources of this virus. Introduction of new infectious diseases 417 into the captive orange-bellied parrot population in aviculturists' collections is also a risk.
418 Most aviculturists have limited resources and it would be unlikely that they could provide 419 housing and management practices that would prevent disease transmission from their own 420 birds to the orange-bellied parrots. This is of great concern in that Avian Bornavirus-2 and 4 421 and Psittacid Herpesvirus-3, pathogens that have had major impacts on avicultural species 422 globally, are known to be present in some Australian avicultural collections [45, 46) . Also, 423 new viruses are still being discovered in Australian aviculture collections and the 424 epizootiology of these viruses and means of testing for them are largely unknown [24, 47] .
425
In conclusion, this study documents the presence of PsAdv-2 in Australia for the first 426 time. It also shows that it is endemic in the captive orange-bellied parrot population and 427 that the wild population has been exposed. PsAdv-2 does not appear to be highly 428 pathogenic to the orange-bellied parrot, but reactivation of replication may occur in birds 429 that are experiencing other stressors or concurrent infections. Preliminary findings hint that 430 PsAdv-2 may impact chick survival to fledging, but a more detailed investigation will be 431 required to confirm this. Because PsAdv-2 is endemic in the orange-bellied parrot 432 population, its impact on the population is minimal or unproven, and the sensitivity of 433 available testing methods is not known, efforts to control this virus in this population are 434 unlikely to be successful and are not recommended at this time. 
